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NATIONALAIWISORYCOMKLPTEEFORAERONAUTICS

RESEARCHMEMORANDUM

TRANSONIC-FLUITERINVESTIGATIONOFWINGSATTACHEDTOTWO

14YJ-AWELERATIONROCKET-EROIZEILEDVEEICGES

ReginaldR. Lundetrom,WilliamT. Lauten,Jr.,andEllwyaE. Angle

SUMMARY

Twolow-accelerationtransonic-fluttertestvehicleswerelaunched
flown● Thefirstvehidleflowncarried.twotestwinus,oneofwhich

flutteredat a Machnumberof 0.92 at a freqmncyof 61.1 ~yclesper
second.Thereferenceflutterspeeddeterminedfiamtwo-~nsional
theoryfor= unsweptwingin incompressibleflowisccmservativewhen
comparedto theexyerimntalflutterspeed.Thisagreeswithdataobtained
frompreviousrocket-propelledmodelendfreely-f=ling-bodytests.

. Thesecondvehicleelsocarriedtwotestwings,oneofwhich
failedat a Machnumberof0.71becauseof a low-frequency(9.6cycles
persecoad) Mvergentoscillation.Sincethisfallurewasnotcaused

“ by conventionalflexure-torsionflutter,no ccmmarisonwitha reference
fiutter

To
NACAiS

speedcanbemade.

mTRoMKYTIoN

obtaininformationonwingflutterat trsnsonicspeedsthe
conductingfree-flightfluttertestsusinglow-acceleration

rocket-pzmpeUedvehicles.Thesevehiclesareeqfippedwithwingswhose
physicalcharacteristicsandflutterparametersaredeterminedbefore
flighttesting.Thefirstof thisseries,designatedas @e NACAFR-1-A
(flutterrocket- ty_pe1- modelA)jreportedinreference1,was
equippedtomeasureonlywingfailurespeed.Thesecond,modelB (re-
ference2),wasequippedtomeasurewingfailurespeed,th torsional

f.frequencyofbothwings,andthelongitudinalacceleration..:;

Previoustestshaveshownthatafterthefailureof&6 wingthe
u nmdelgoesintoa helicalflightpathad theotherwIng&gqyson for

theremainderofthefH@t. Sinceit isdesirabletoobtaifi--b~th
torsionandbendingfrequencieson a flutterwing,andsincethetelem-

●
eterwasIidt%dtotwostrainchannels,itwasdecidedtoputboth
bendingandtorsiongagesononewing. Thiswingwasslottedtomake

2$:: E% z:t&:?2G!!#M%!&!%$8b&%-bly Ce””n ‘0



2 NACARM NO ● L8130

ModelD wasinstrumentedtomeasuretorsionalfrequ&cyonboth
wingsandbendingfrequencyonone. Thewings‘onthism6delwerede- ““ a
signedtohaveapproximatelythesamesectionpmmeters as thewings
ofmodelC buthada largeraspectratioanda mch lowerbending
torsionfrequencyratio. w

Bothtestswereconductedat thePilotlessAlroraft_Reseazwh. .._. ._ ‘“
Divisicmteststation,WallopsIsland,~a.,m-dtheresultsarepre-
sentedherein.

APPA.RATu5 AIDMETEom

Model

Thetestvehicleswererocket-propelledvehicleesimilarto
modelsA sadB. ThetestwingsofmodelC wereconstructedof
laminatedspruceandtheleftwingslottedalon&thechordto givethe
desiredtorsionalfrequency.Afterslotting,thewingwascoveredwitha
thinlayerof fabric. A sketchofthesewingsis shownin figure1.
ThetestwingsofmodelD wereconstructedoflaminatedwhitepine
withan inlayofO.032-24STdur~ti c A sketchofthesewingsis
showninfigure2. A photographof eachmodelonthelaunchingrack
is showninfigure3.

.

ModelC waspoweredby a rocketmotordeliveringapproximately
9~ prods of thrustfor15 seconds.TherocketmotorinmodelD had w

a modifiednozzleinsertanddeliveredaboutllhOpoundsof thrust
for12 seconds.

Instrumentation
—

Telemeter.-ThetelemeterinmodelC consistedoftwostrain-gage
chsmnelsandtwoinductancechannels.Thestrain-g~channelswere
usedtorecoqdtorsicmalandbendi%frequenciesby tieuseof str~n . - .
variationsonthesurfaceofthewing. Oneinductancech&melwas
usedtorecordsignalsfroma longitudinalaccelerometerandtheother
wassoconnectedto a bres.kwireroutedthroughtheleftwingthatthe
bree&ngof thewirewouldshiftthefrequencyendthusdeterminethe
timeof failureevenifthewingbrokeoutboardof thestrainge+@s.
Thepositicmsofthestraing~s endbreakwlreareshowninfigure1~

ThetelemeterinmodelD wassimilerto thatin themodelC but
with two additiond channels.An additional.strain-gagechannelwas
usedtopickup torsional.frequencyonthetightwingendensdditimal
inductancechannelconnectedto a pressurepickupwasusedtorecord

m!!!imm’
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●

total-headpressureas~ checkoftheairspeeddeterminedfromthe
longitudinalaccelerometer.

Camerasandradsr.- Thecamerainstallationsweres~lsr to those
usedinreference1,consistingof fixedwide-angleaerie3.camerasand

u mtlon-picturecameras.In additionto thecontinuouswaveDoppler
radar,a trackingradarwasusedto obtaina moreaccuratealtituderec-
ordof theflight.

Radiosonde.-A radiosondewasreleasedhmediatelytitertheflight
todetemineatmospheric!conditionsprevailingat thattime.Thedata
obtainedareshownin figure4 as a plotof thevelocityof soundand
densityof airagainstaltitude.

Launching!Cechnfque

Themethodoflaunchingwasthesameas thatusedforother
NACAFR-1mdels andisreportedinreference1. Thelaunchingangle
of themodelC was63oandthatof themodelD was60°.

RESULTS ANDDISCUSSION

.

Flightdataof themodelsC sndD areshownin figures5, 6, and7
as variationof eltitude,acceleration,velocity,endMachnumberwith

. time. TheairfoilparametersofthewingsarelistedintableI.
Conditionsat thet- of flutter,failure,ormaximumspeedare
listedin tableII.

Thetelemeterrecord(fig.8) ofmodelC flightshowsthatthe
leftwingflutteredat a frequencyof 61.4cyclespersecond.!l?his
flutteroccurredat a MachmmiberofO.Z, whichcorrespondsto aveloci@
of707milesperhour,andthewingfailedat a Machnumberof0.96,
whichcorrespondsto a velocityof735milesperhour. Usingthetwo-
d5mensional,two-degree-of-freedom(firstbendinganduncoupledfirst
torsion)theoryofreference3 andtheairdensityat testconditions,
theflutterfrequencyfortheleftwingwascalculatedtobe 72.6cycles,
persecondendtheflutterspeed558milesperhour. Whentheexperi-
mentalflutterspeediscomparedwiththevaluec~culatedfromthe
theo~,itis seenthattheexperimentalvalueexceedsthecalculated
by 26 percent.Thispercent= is in approximatea+yemnentwitithose
reportedforunsweptwingsin references4, ~} end6.

. Sincetherewasno instrumentationontherightwingofmodelC,
it isnotpossibleto statedefinitelythatthetingdidnotflutteror
fail.However,moviestakenof theflightsadvisualobservation

. indicatethatthewingremqinedonthemodelforthedurationof theflight.
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Thetelemeterrecord(fig.9)of themodelD flightshowsthatthe
leftwingremainedonthemdel throughouttheflightem.dtheri~t wing

.

failedat a Machnumberof0.71,whichcorre&pondstoa speedof5k2ties
perho~, af~r ithadgoneintoa divergentoscillationWhOHe .. . .... .
frequencywas9.6 cycles,pr second.Thisfreqw”ncyW- aboutone-h-f <
thefirstbendingfk%quencyof thewing. Motionpicturesshowedthat
themodelwaspitching-priorto failure.Thewingdidnotfalldueto
tieconventionalflexure-torsionflutterof&ference3 andf~1~ is

—

believedtohavebeencausedby enoscillationinvolvingflexureofthe
wingandpitchof themodel.Someofthemasshndsta%ilityparameters
ofthemodelD arelistedintableIII.

CONCLUDRTGREMARKH

Dataonflutterwingsattachedtotwolow-accelerationrocket
vehicleshavebeen-presented.OnewingonmodelC flutteredata
velocityof707milesperhour,Machnuriberequalto0.92,at a fre-
quencyof 61.4cyclespersecond.Thespeedcalculatedfromthetheory
fortwo-dimensionalunsweptwingsinincompressibleflowis con-
servativewhencomparedto theexperimentalflutterspeed.Thisis
inagreementwithpreviousrocbt andfreely-fsJJ-inn-bodytestsofr
unsweptwings●

TheotherwingonmodelC hadno instrumentationbutisnot
believedtohaveflutteredorfailed.

TherightwingonmodelD failedforreasonsotherthenflexure-
torsionflutterandtheleftwingremainedon themodelfortheduration
of theflight. .

LamgleyAeronauticalLaboratory
NaticmalAdviso~CommitteeforAeronautics

LangleyField,Vs.,

.
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APPENDIX

SYMOols

c airfoilchord~erpendiculsrto leedingedge,in.

1 airfoillength&longlesdinged~ out%oardofbody,in.

E.A. distanceofelasticaxisofwingbehindleadingedge,
percentchord

C!.G. distanceofcenterofgravityofwingbehind.leadingedge,
percentchord

(2X E.A.
a nondimensionalelasticaxisposition

)
— - 1 (reference3)
100

a+X& ‘ (++nondimensionalcenter-of-gravityposition
(reference3)

2
‘a squareofnondimensionalradiusof~tion aboutelastic

exis —
:

where I ispolsrnmnentof ine~iaab~t

elasticaxis(reference3)

M Machnumber

% %heoreticelhiachnumberatwhichsmic velocityis first
attainedoversectionofwingtakenperpendicularto
leedingedgeat zerolift

A angleof sweepofmesaserodynemlcchordpositivefor
sweepback

$ phaseanglewingtorsionalstrainleadingwingbending
strain,deg

‘g
b

()(Z cosA)2aspectratioofonewingpanel
Zc

semichordin feet
()
a+= (reference3)

P ,airdensity,sl

.
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R weightratio
()
~ ,where m isthemassofthe

airfoilperunitlength(reference3)

Ps staticpressure,“lb/sqft .:

T free-airtemperature,% absolute :

t timetiterfiring,sec

q ()dynemicpm~sure,lb/sqft $-#

v velocity,fps

Ve modelvelocityat startofwingflutter,mph

.

.

—

v= maximumyelocityattained%ywing,mph

h geometriceltitude,ft —

w torsionalrigidity,lb-in.2

EI bendingrQidity,lb-in.2

gh structuraldempingcoefficientinbending(reference3)-.

@u structural.dampingcoefficientintorsim(reference3)

fe experimentalwing-flutterfrequency,cps

‘hl firstbendingnaturalfrequency,cps

% secondbendingnaturalfrequency,cps

ft firsttorsionnaturalfrequency,cps

fa .firsttorsimfrequency(uncoupled)aboutelasticexis,cps

VR referencewing-fluttervelocityperpendiculartoleading
edge,~h (basedon theoryfortwo-dimensionalunswept
winginan incompressibleg!d-iumemployingfirstbending
frequencyenduncoupledtorsimfrequency$nddensityof
testingmediumattimeofbeginningofflutter(reference3)

‘R referencewing-flutterfrequency,cps(analysissimilarto
thatusedindeterminingVR)

.—

.—

.

.

—.

—



NACARM No.18130 7

referencewing-divergencespeed,-h (basedon theoryfor
two--nsionalunsweptwinginenIncompressiblemedium
emplo@nguncoupledtorsionfrequencyanddensityof
testingmediumattimeofbeginningofflutter(reference3)

nondimensionalflutter-velocitycoefficientwhere ~ = 2fifa
(reference3)

.

“
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TABIZlI

WINGPIWMMERS

?

9

AirfoilDesignation
Parem8ters

FR-1-cRight m-l-c Left m-l-l)R@& X!R-1-DLeft

NACASection 65-009 65-009 @io06 65AO06
Mcr ””””” 0.79 0.79 0.84 -0.84
c. . . . . . 12 12 10.0625 10.0625
I..*.*. 19.25 19.25 29.875 29.8j’5
‘g”””””” , 1.6 1.6 3 3
A. . . . . . o 0 0
b. . . . . . 0.419 0.41;
C.G....= 4::2 4?:2 37.6 38.8
E.A. . . . . 34.4 37●5 35.2 33●5
a. . . . . . -0.312 -0.25 -0.296 -0.33
a+ %.... -0.168 -0.168 -0.248 -0.224
@ (~~.) . 28.3 28.3 25.1 24.6
ra2 . . . . . 0.23 0.24 0.2105 0.2255
fhl . . . . . 78 55 20 19.5

‘%”””””
‘ 425-500 300-350 115.5 115.0

ft . . . . . 145 105 138.5 134
fa . . . . . 135 102.5 137●5 131
GJ . . . . . 244,000 le6,600’ 361,000 336,000
EI . . . . . 743,000 486,000 293,500 276,000
%“”””’ 0.15 0.05

h“”=”” 0.02 0.02 0.01

. =s=’
.

.
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Parameter

M. . . .
ve. ..*
v=. . ●

P“”*”
~*”=”
2s””””
T. . . .
t. . . .
“h. . . .
l/K . . .
@****
fe. . . .
fR. O@.
VR. . . .
v=. . . .

NACARMNo.L8130

-’=s

.

TABIEII

~AL RESULTS

F!R-l-ClRight F&l-c Left
(c) (a)

FR+? Right

0.970

755
0.00213

1305
1961.4

10%
2280
31.6

101.3
750

12E!o

o.g20
707

743.5
0.00216

1165
1992.8

9%
18$2

31.15
1320
61●k
72.6
558
850

0.710

0.002272
718

2039
521.2
5.68

, 1200
26.3

64.2
751
910 ,

-%ondltionsat Mme offlutter.
.-bConMtionsat timeofbreak. ,

cC!onditionsat the ofmaximumspeed.

l?R-1-DLefl
(c)

1.11

839
0.002143

ld25
M65.P

507

36?8
27.3

65.8
687

1005

—

—

.

—

-.—

.

,
.
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TABLEIII

MASSANDSTABIIZTYPARAMETERS

11

OFMOIELD

Weightofmodel,lb..... . . . . . . . . . . . . . . . . . ..24o
Center-of-gravi’typosition,in.fromnose. . . . . . . . . . . . . .59
Leedingedgeofwing,in.fromnose. . . . . . . . . . . . . . ...76
Momentof inertiaofcompletemodel

aboutthecenterofgravity,slug-ft2.. . . . . . . . . . . . . .16

=E= ”--

.
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(b)ModelD inpositionforlaunching.

Figure3.- Lmnchfn ositiom of models~
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Figure6.- Variationof’accelerationandvelocitywithtime.
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